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Introduction {#bjs550288-sec-0005}
============

Acute urinary retention (AUR) is common after abdominopelvic surgery, affecting up to 24 per cent of men and 15 per cent of women[1](#bjs550288-bib-0001){ref-type="ref"}. Older patients are at increased risk of AUR from age‐related neuronal degeneration[2](#bjs550288-bib-0002){ref-type="ref"}, [3](#bjs550288-bib-0003){ref-type="ref"}, and men are at increased risk as a result of benign prostatic hyperplasia[4](#bjs550288-bib-0004){ref-type="ref"}. The mechanism by which pelvic surgery results in AUR is unclear, but two theories have been proposed[3](#bjs550288-bib-0003){ref-type="ref"}. Pelvic dissection can stimulate a reflex involving the pudendal nerve, sacral spinal cord and sympathetic pelvic nerves, resulting in inhibition of the detrusor muscle[3](#bjs550288-bib-0003){ref-type="ref"}, [5](#bjs550288-bib-0005){ref-type="ref"}. Postoperative sympathetic drive can cause bladder outlet obstruction by activating α‐adrenergic receptors at the bladder neck[3](#bjs550288-bib-0003){ref-type="ref"}, [6](#bjs550288-bib-0006){ref-type="ref"}.

Transurethral urinary catheters are placed during rectal surgery to prevent AUR and allow accurate measurement of perioperative urine output[7](#bjs550288-bib-0007){ref-type="ref"}. Urinary catheters are, however, not without risk. Transurethral catheterization is associated with a risk of urinary tract infection (UTI) that increases with duration of catheterization[8](#bjs550288-bib-0008){ref-type="ref"}. Historically, catheters have been left in place for 3--5 days after rectal surgery, but this practice restricts mobility, results in potentially avoidable UTIs requiring antimicrobial therapy, and may increase length of hospital stay (LOS)[7](#bjs550288-bib-0007){ref-type="ref"}, [8](#bjs550288-bib-0008){ref-type="ref"}, [9](#bjs550288-bib-0009){ref-type="ref"}. Several randomized[10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"} and non‐randomized[12](#bjs550288-bib-0012){ref-type="ref"}, [13](#bjs550288-bib-0013){ref-type="ref"} studies have attempted to determine the optimal duration of catheterization after rectal surgery. The results of these studies have varied, and the risk--benefit trade‐off of early catheter removal remains uncertain.

A recent systematic review[14](#bjs550288-bib-0014){ref-type="ref"} compared catheter removal on day 1 with removal on days 3 and 5 for AUR using a superiority approach. Despite pooling of RCTs and observational studies, this review did not demonstrate a statistically significant difference in AUR rates between day 1 and day 3 removal. The review[14](#bjs550288-bib-0014){ref-type="ref"} had important methodological limitations, with implications for the conclusions drawn. Superiority approaches to the analysis of a single trial or pooled estimates in the context of a meta‐analysis are appropriate where an intervention plausibly improves an outcome compared with the standard of care[15](#bjs550288-bib-0015){ref-type="ref"}. In the setting of catheter removal, it is not physiologically plausible that earlier catheter removal improves AUR. Furthermore, an evaluation of the effectiveness of early catheter removal must acknowledge that the intervention involves trading off AUR for UTI. Superiority approaches do not inherently consider efficacy trade‐offs.

In contrast with the superiority approach, the non‐inferiority approach acknowledges that the novel treatment (early catheter removal) is not expected to improve the primary efficacy outcome for which catheters are used (AUR)[16](#bjs550288-bib-0016){ref-type="ref"}. Furthermore, it assumes that the novel treatment is associated with potential secondary benefits (reducing UTI, increasing mobility, decreasing LOS) that make it worth accepting a prespecified reduction in the primary efficacy outcome compared with the existing treatment (late catheter removal). This diminution in efficacy for the primary outcome is termed the non‐inferiority margin[16](#bjs550288-bib-0016){ref-type="ref"}. Given the clinical context, a non‐inferiority approach is therefore more appropriate to determine the optimal timing for urinary catheter removal after rectal surgery.

The aim of this review was to synthesize the existing evidence evaluating the effect of early transurethral urinary catheter removal after rectal surgery in adults on AUR, UTI and LOS using a non‐inferiority meta‐analytical approach.

Methods {#bjs550288-sec-0006}
=======

This systematic review and meta‐analysis was registered on PROSPERO, the international Prospective Register of Systematic Reviews (CRD42019121059), and is reported according to the PRISMA guidelines[17](#bjs550288-bib-0017){ref-type="ref"}.

Searches {#bjs550288-sec-0007}
--------

The search strategy was developed with a senior information specialist. Observational studies were initially eligible, but were subsequently excluded as sufficient RCTs were identified. MEDLINE, Embase and the Cochrane Central Register of Controlled Trials were searched from January 1980 to February 2019, including studies in English, French and Portuguese. Owing to limited access to professional translation services, language restrictions were applied, although considered unlikely to introduce bias[18](#bjs550288-bib-0018){ref-type="ref"}. Citation lists of included articles and the first ten pages of Google Scholar results were also searched. The search strategy was reviewed by a second information specialist in accordance with the Peer Review of Electronic Search Strategies (PRESS) guidelines[19](#bjs550288-bib-0019){ref-type="ref"}. The final MEDLINE search strategy is shown in [*Appendix*](#bjs550288-supitem-0001){ref-type="supplementary-material"}  *S1* (supporting information).

Two investigators independently screened study titles and abstracts before completing independent full‐text reviews of remaining studies. Discrepancies were resolved by discussion and mediated by a third investigator as required. Screening was performed using DistillerSR™ software[20](#bjs550288-bib-0020){ref-type="ref"}.

Eligibility criteria {#bjs550288-sec-0008}
--------------------

RCTs of adults aged 18 years or over undergoing rectal surgery for benign or malignant indications were eligible. Studies must have included an experimental group consisting of transurethral urinary catheter removal on postoperative day (POD) 1 or 2, with or without premedication with an α‐blocker, and a control group of removal on POD 3 or later. Studies with fewer than 20 patients, conference abstracts, studies not reporting the present outcomes of interest, studies that included only patients in the ICU, and studies for which the full text was not available despite interlibrary loan requests were excluded.

Outcomes {#bjs550288-sec-0009}
--------

The primary outcomes were the incidence of postoperative AUR and UTI during the index hospital admission. The secondary outcome was LOS.

Definitions {#bjs550288-sec-0010}
-----------

Rectal surgery was defined as any colorectal operation including rectal dissection below the peritoneal reflection. For all studies, patients who had urinary catheters removed on POD 1 or 2 were combined to form the early removal group, and those who had catheters removed on POD 3 or later were combined to form the late removal group. AUR was defined as the inability to void adequately after catheter removal, requiring recatheterization with either intermittent or indwelling catheters. UTI was defined in the primary analysis as the presence of a positive urine culture with or without UTI symptoms (any of dysuria, frequency, urgency, suprapubic pain, haematuria or testicular pain). A sensitivity analysis included trials that failed to differentiate between symptomatic and asymptomatic bacteriuria. LOS was restricted to the index hospital admission.

Data extraction {#bjs550288-sec-0011}
---------------

Two investigators independently extracted study‐level data using piloted data extraction forms. Discrepancies were resolved by discussion and mediated by a third investigator as required. Study authors were contacted for clarification as necessary. Data extracted included study and patient‐level characteristics. Data for both intention‐to‐treat and per‐protocol analyses were extracted when possible, in keeping with the non‐inferiority approach[16](#bjs550288-bib-0016){ref-type="ref"}.

Assessment of bias {#bjs550288-sec-0012}
------------------

Study quality was assessed using the Cochrane risk‐of‐bias tool[21](#bjs550288-bib-0021){ref-type="ref"}, supplemented by additional assessments of bias specific to non‐inferiority studies for the primary outcome of AUR[16](#bjs550288-bib-0016){ref-type="ref"}. Two investigators independently completed the risk‐of‐bias assessment for each outcome. Discrepancies were resolved by discussion and mediated by a third investigator as required. A funnel plot was not constructed as fewer than ten studies were included.

Statistical analysis {#bjs550288-sec-0013}
--------------------

Descriptive synthesis was used to summarize study characteristics, patient characteristics and study results. The included trials did not present per‐protocol data, and the meta‐analyses were therefore performed with the available modified intention‐to‐treat data. The pooled risk difference (RD) was calculated for the primary outcome of AUR. To test for non‐inferiority of early catheter removal for AUR, a one‐sided *Z* test with α = 0·05 was used. The pooled risk difference is presented with its 90 per cent confidence interval. One of the included trials[6](#bjs550288-bib-0006){ref-type="ref"} was a non‐inferiority trial and used a consensus between three surgeons to determine a non‐inferiority margin increase (Δ~NI~) of 15 per cent in absolute risk of AUR associated with early catheter removal (personal communication). This non‐inferiority margin was used for the meta‐analysis.

A standard meta‐analytical superiority approach was used for the remaining outcomes. Pooled RDs were calculated and 95 per cent c.i. estimated from weights in a Mantel--Haenszel random‐effects model. LOS was extracted with all reported measures of variance and central tendency. Analyses stratified by sex and epidural use were planned *a priori*, but were unable to be performed owing to a paucity of data.

Statistical heterogeneity was quantified using *I* ^2^ scores and Forest plots. *I* ^2^ scores of 25 per cent or less were considered as low heterogeneity, 25--50 per cent as moderate, and above 50 per cent as high[22](#bjs550288-bib-0022){ref-type="ref"}. *P* \< 0·050 was considered statistically significant. Statistical analyses were performed using the *metafor* package in R Studio® v1.0.136 (RStudio, Boston, Massachusetts, USA), RevMan® 5 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) and SAS® version 9.4 (SAS Institute, Cary, North Carolina, USA).

Results {#bjs550288-sec-0014}
=======

The search strategy identified 3904 unique articles. After screening and full‐text review, four RCTs[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} involving 409 patients were included in the final analysis (*Fig*. [1](#bjs550288-fig-0001){ref-type="fig"}). Study characteristics are presented in *Table*  [1](#bjs550288-tbl-0001){ref-type="table"}.

![PRISMA diagram for the systematic review](BJS5-4-545-g001){#bjs550288-fig-0001}

###### 

Characteristics of included RCTs comparing early *versus* late urinary catheter removal

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         No. of randomized patients  
  ------------------------------------------------------------------ --------------- ----------------------------------------------------------------------------------------- ----------------- --------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------- ----
  Patel *et al*.[6](#bjs550288-bib-0006){ref-type="ref"} (2018)      Single centre   Dissection of infraperitoneal portion of rectum                                           Non‐inferiority   POD 1 catheter removal with α‐blocker *versus* POD 3 removal                                              AUR: inability to urinate 8 h after catheter removal or difficulty voiding with PVR \> 300 ml[\*](#bjs550288-note-0001){ref-type="fn"}, managed by catheterization                        71               71
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                           UTI: positive urine culture with symptoms                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                           LOS: days                                                                                                                                                                                                 
  Coyle *et al*.[23](#bjs550288-bib-0023){ref-type="ref"} (2015)     Single centre   Anterior resection/proctectomy, low anterior resection, APR                               Superiority       Catheter removal at 48 h after surgery *versus* removal within 12 h of withdrawal of epidural analgesia   AUR: inability to pass urine requiring reinsertion of urethral catheter with residual \> 400 ml after catheter reinsertion                                                                10               13
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                           UTI: positive urine culture                                                                                                                                                                               
  Zmora *et al*.[11](#bjs550288-bib-0011){ref-type="ref"} (2010)     Multicentre     Any abdominal surgery involving mobilization of rectum below level of sacral promontory   Superiority       POD 1 *versus* POD 3 *versus* POD 5 catheter removal                                                      AUR: inability to void despite urge and attempting for at least 30 min or failure to void 8 h after catheter removal with \> 250 ml urine residual on catheter reinsertion                41               77
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                           UTI: positive urine culture with symptoms                                                                                                                                                                 
  Benoist *et al*.[10](#bjs550288-bib-0010){ref-type="ref"} (1999)   Single centre   Total or subtotal proctectomy with dissection of infraperitoneal rectum                   Superiority       POD 1 *versus* POD 5 catheter removal                                                                     AUR: inability to void after catheter removal with full bladder or 12 h after catheter removal, even after single IOC                                                                     64               62
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                           UTI: positive routine urine culture                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                           LOS: days                                                                                                                                                                                                 

Acute urinary retention (AUR) definition changed from registered protocol definition of inability to void 6 h after removal or postvoid residual (PVR) greater than 200 ml. POD, postoperative day; UTI, urinary tract infection; LOS, length of stay; APR, abdominoperineal resection; IOC, in‐and‐out catheterization.

Patient characteristics are described in *Table*  [2](#bjs550288-tbl-0002){ref-type="table"}. In three RCTs[10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"}, the majority of patients had surgery for cancer, whereas in the remaining trial[6](#bjs550288-bib-0006){ref-type="ref"} only 30 (21·1 per cent) of the 142 patients underwent cancer surgery. With the exception of one RCT[23](#bjs550288-bib-0023){ref-type="ref"}, in which men comprised 20 (91 per cent) of the 22 patients in the early removal arm and ten of the 22 (45 per cent) of those in the delayed removal arm, all RCTs were well balanced with respect to patient sex. Epidural analgesia was used for all patients in one RCT[23](#bjs550288-bib-0023){ref-type="ref"}, whereas the others either excluded patients who required epidural analgesia or made no reference to epidural analgesia.

###### 

Characteristics of patients in included RCTs comparing early and late urinary catheter removal

  Reference                                                         No. of randomized patients                  Male sex (%)                   Age (years)[\*](#bjs550288-note-0002){ref-type="fn"}                 Epidural use (%)                                 Cancer (%)                                      IBD (%)
  ---------------------------------------------------------------- ---------------------------- --------------------------------------------- ------------------------------------------------------ ---------------------------------------------- --------------------------------------------- ---------------------------------------------
  **Patel *et al*.** [6](#bjs550288-bib-0006){ref-type="ref"}                                                                                                                                                                                                                                     
  Early removal                                                                 71                                   56                                          43 (31·5--56·5)                                           0                                             15                                            77
  Late removal                                                                  71                                   52                                          44 (29·0--60·0)                                           0                                             27                                            68
  **Coyle *et al*.** [23](#bjs550288-bib-0023){ref-type="ref"}                                                                                                                                                                                                                                    
  Early removal                                                                 22               91[¶](#bjs550288-note-0003b){ref-type="fn"}      63·5[¶](#bjs550288-note-0003b){ref-type="fn"}       100[¶](#bjs550288-note-0003b){ref-type="fn"}   73[¶](#bjs550288-note-0003b){ref-type="fn"}   14[¶](#bjs550288-note-0003b){ref-type="fn"}
  Late removal                                                                  22               46[¶](#bjs550288-note-0003b){ref-type="fn"}       62[¶](#bjs550288-note-0003b){ref-type="fn"}        100[¶](#bjs550288-note-0003b){ref-type="fn"}   77[¶](#bjs550288-note-0003b){ref-type="fn"}   14[¶](#bjs550288-note-0003b){ref-type="fn"}
  **Zmora *et al*.** [11](#bjs550288-bib-0011){ref-type="ref"}                                                                                                                                                                                                                                    
  Early removal                                                                 41                                   56                        57 (18--85)[†](#bjs550288-note-0003){ref-type="fn"}                      Unclear                                          73                                             2
  Late removal                                                                  77                                   58                        54 (22--81)[†](#bjs550288-note-0003){ref-type="fn"}                                                                       74                                             8
  **Benoist *et al*.** [10](#bjs550288-bib-0010){ref-type="ref"}                                                                                                                                                                                                                                  
  Early removal                                                                 64                                   52                          55(18)[‡](#bjs550288-note-0003a){ref-type="fn"}                           0                                             69                                            13
  Late removal                                                                  62                                   47                          56(17)[‡](#bjs550288-note-0003a){ref-type="fn"}                           0                                             63                                            26

Values are median (i.q.r.) unless indicated otherwise;

values are mean (range);

values are mean (s.d.).

Characteristic as randomized, including patients undergoing both colon and rectal surgery; some patients were excluded after randomization and the authors did not differentiate baseline characteristics by type of surgery. IBD, inflammatory bowel disease.

Of four RCTs, three[10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} used a superiority approach and one[6](#bjs550288-bib-0006){ref-type="ref"} used a non‐inferiority approach to AUR. Patients in the non‐inferiority trial were younger and had rectal surgery for inflammatory bowel disease more often than those in the other trials[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"}. One trial[23](#bjs550288-bib-0023){ref-type="ref"} included patients undergoing colonic and rectal surgery, but reported AUR by group, so was included in the analysis.

Risk of bias {#bjs550288-sec-0015}
------------

The risk‐of‐bias assessment for AUR showed that all trials[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} were at low risk of bias for sequence generation, and none of the trials blinded participants and personnel to treatment allocation. With regard to specific risk of bias for non‐inferiority trials, all four trials had a low risk of bias for participant selection bias, where inconsistent application of inclusion/exclusion criteria could lead to anticipated non‐response to the intervention. Two trials[6](#bjs550288-bib-0006){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} were found to be at high risk of performance bias. Patel and colleagues[6](#bjs550288-bib-0006){ref-type="ref"} changed the definition of AUR between the trial protocol[24](#bjs550288-bib-0024){ref-type="ref"} and final manuscript, and Coyle and co‐workers[23](#bjs550288-bib-0023){ref-type="ref"} had less precision around catheter removal timing in the late compared with the early removal arm (12 h after epidural removal *versus* 48 h after surgery). Owing to the subjective nature of AUR assessment among unblinded study personnel, all trials[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} were considered at high risk of measurement bias. Two[11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} were at high risk of attrition bias for failure to use and report intention‐to‐treat and per‐protocol analyses. Risk‐of‐bias results for UTI and LOS are shown in [*Tables S1*](#bjs550288-supitem-0001){ref-type="supplementary-material"} and [*S2*](#bjs550288-supitem-0001){ref-type="supplementary-material"} (supporting information).

Study interventions {#bjs550288-sec-0016}
-------------------

Patel *et al*.[6](#bjs550288-bib-0006){ref-type="ref"} randomized participants to catheter removal on POD 1 with an α‐blocker (prazosin 1 mg orally) given 6 h before catheter removal on POD 3. Zmora and colleagues[11](#bjs550288-bib-0011){ref-type="ref"} randomized participants to catheter removal on POD 1, 3 or 5. The POD 3 and POD 5 arms were combined to calculate the pooled estimates for late catheter removal. Benoist and co‐workers[10](#bjs550288-bib-0010){ref-type="ref"} randomized participants to catheter removal on POD 1 or 5. Coyle *et al*.[23](#bjs550288-bib-0023){ref-type="ref"} randomized participants to catheter removal on POD 2 or delayed removal 12 h after epidural removal. The latter group had catheter removal a median of 85 h after surgery.

Acute urinary retention {#bjs550288-sec-0017}
-----------------------

All included RCTs reported AUR. Among the four studies[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"}, 35 (18·8 per cent) of 186 patients in the early catheter removal group experienced AUR, compared with 21 (9·4 per cent) of 223 patients in the late removal group. The pooled RD between groups was inconclusive for non‐inferiority of early *versus* late catheter removal for AUR (RD 9 (90 per cent c.i. −1 to 19) per cent; Δ~NI~ = 15 per cent; *P* ~NI~ = 0·31) (*Fig*. [2](#bjs550288-fig-0002){ref-type="fig"}). Statistical heterogeneity was high (*I* ^2^ = 63 per cent). Only one trial[6](#bjs550288-bib-0006){ref-type="ref"} included an α‐blocker in the experimental group. As this could be considered a substantively different intervention from that in the other trials, a sensitivity analysis was performed excluding this trial. This analysis was also inconclusive (RD 14 (5 to 23) per cent; Δ~NI~ = 15 per cent; *P* ~NI~ = 0·46) (*Fig*. [3](#bjs550288-fig-0003){ref-type="fig"}), with low statistical heterogeneity (*I* ^2^ = 22 per cent). Relative measures of effect were similarly inconclusive.

![Forest plot showing non‐inferiority meta‐analysis of acute urinary retention on the risk difference scale in patients who had rectal surgery with early or late urinary catheter removal A Mantel--Haenszel random‐effects model was used for meta‐analysis. Risk differences are shown with 90 per cent confidence intervals. The dashed line indicates the risk difference non‐inferiority margin set at 15 per cent (Δ~NI~).](BJS5-4-545-g002){#bjs550288-fig-0002}

![Forest plot showing non‐inferiority meta‐analysis of acute urinary retention as a sensitivity analysis excluding Patel *et al*.[6](#bjs550288-bib-0006){ref-type="ref"} on the risk difference scale in patients who had rectal surgery with early or late urinary catheter removal A Mantel--Haenszel random‐effects model was used for meta‐analysis. Risk differences are shown with 90 per cent confidence intervals. The dashed line indicates the risk difference non‐inferiority margin set at 15 per cent (Δ~NI~).](BJS5-4-545-g003){#bjs550288-fig-0003}

Urinary tract infection {#bjs550288-sec-0018}
-----------------------

All four trials reported UTI as an outcome and were included in the primary analysis. Among these trials[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"}, 18 (9·7 per cent) of the 186 patients in the early removal group were diagnosed with a UTI, compared with 47 (21·1 per cent) of the 223 in the late group. The pooled analysis showed early catheter removal to be superior to late removal for risk of UTI (RD −11 (95 per cent c.i. −17 to −4) per cent; *P* = 0·001 (*Fig*. [4](#bjs550288-fig-0004){ref-type="fig"}). The statistical heterogeneity was low (*I* ^2^ = 12 per cent). Relative measures of effect demonstrated similar findings.

![Forest plot showing meta‐analysis of urinary tract infection on the risk difference scale in patients who had rectal surgery with early or late urinary catheter removal A Mantel--Haenszel random‐effects model was used for meta‐analysis. Risk differences are shown with 95 per cent confidence intervals.](BJS5-4-545-g004){#bjs550288-fig-0004}

Coyle and colleagues[23](#bjs550288-bib-0023){ref-type="ref"} observed a single UTI in the late removal group. Although the authors reported AUR stratified by colonic or rectal surgery, they failed to do so for UTI. Thus, a sensitivity analysis excluding this trial was performed, the results of which did not differ from the primary analysis ([*Fig. S1*](#bjs550288-supitem-0001){ref-type="supplementary-material"}, supporting information).

Two trials[6](#bjs550288-bib-0006){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"} defined UTI as the presence of typical symptoms and a positive urine culture, and did not include asymptomatic bacteriuria in the outcome definition. The result of a second sensitivity analysis restricted to these two trials did not differ from the primary analysis ([*Fig. S2*](#bjs550288-supitem-0001){ref-type="supplementary-material"}, supporting information).

Length of hospital stay {#bjs550288-sec-0019}
-----------------------

Two RCTs[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"} reported LOS as an outcome. Because the trials were conducted nearly 20 years apart, the findings were considered too heterogeneous for quantitative meta‐analysis. One study[10](#bjs550288-bib-0010){ref-type="ref"} reported mean(s.d.) LOS of 13(5) days in the early removal group and 15(11) days in the late removal group (mean difference −2·00 (95 per cent c.i. −5·00 to 1·00) days; *P* = 0·19). The other trial[6](#bjs550288-bib-0006){ref-type="ref"} reported a median LOS of 4 (i.q.r. 3--6) days in the early and 5 (4--7) days in the late removal group (*P* = 0·03).

Discussion {#bjs550288-sec-0020}
==========

This systematic review and non‐inferiority meta‐analysis of four RCTs[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"}, [11](#bjs550288-bib-0011){ref-type="ref"}, [23](#bjs550288-bib-0023){ref-type="ref"} comparing early *versus* late catheter removal after rectal surgery could not conclude non‐inferiority of early removal for the risk of AUR. Early catheter removal resulted in a significantly reduced risk of UTI compared with late removal. In one of two trials[6](#bjs550288-bib-0006){ref-type="ref"}, [10](#bjs550288-bib-0010){ref-type="ref"} reporting LOS, this was shortened by early catheter removal.

A recent systematic review and meta‐analysis[14](#bjs550288-bib-0014){ref-type="ref"} concluded that catheter removal on POD 1 may be as safe as removal on POD 3. The present review differs from that analysis in a number of ways. This review used a non‐inferiority rather than a superiority approach to account for the clinical trade‐off inherent to early catheter removal, did not pool RCTs and observational studies, performed a risk‐of‐bias assessment specific for non‐inferiority trials, presented risk‐of‐bias assessments for each outcome[25](#bjs550288-bib-0025){ref-type="ref"}, and performed multiple sensitivity analyses around the definition of UTI.

The findings of this non‐inferiority meta‐analysis differ subtly, but importantly, from those of the earlier study[14](#bjs550288-bib-0014){ref-type="ref"}. On the basis of the superiority analysis, it was concluded that early catheter removal on POD 1 may be as safe as removal on POD 3 based on the absence of a significant difference in AUR rates between day 1 and day 3 removal (relative risk 1·36, 95 per cent c.i. 0·83 to 2·21)[14](#bjs550288-bib-0014){ref-type="ref"}. That conclusion could be interpreted as supporting recommendations of catheter removal within 2 days of mid/lower rectal resection[26](#bjs550288-bib-0026){ref-type="ref"}. Null results from superiority analysis must be interpreted cautiously, as readers cannot conclude, based on the absence of a significant difference in AUR rates between catheter removal on POD 1 and POD 3, that the two treatments are similar for AUR, only that they had insufficient power to detect a difference.

In contrast, a non‐inferiority approach allows conclusions to be drawn about whether or not early catheter removal results in an acceptable increase in AUR. The results of the present review indicate that there is insufficient evidence to conclude early removal on days 1--2 is non‐inferior to removal on days 3--5. Instead of supporting recommendations for catheters to be removed within 2 days of rectal surgery, the present results suggest that the recommendations of existing perioperative care pathways[7](#bjs550288-bib-0007){ref-type="ref"}, [26](#bjs550288-bib-0026){ref-type="ref"} for patients having rectal surgery should reflect greater uncertainty around the safety of early catheter removal.

In contrast to the findings of this non‐inferiority meta‐analysis, the sole non‐inferiority trial[6](#bjs550288-bib-0006){ref-type="ref"} concluded that early catheter removal was non‐inferior to late catheter removal for AUR. In that study, patients in the early removal arm were pretreated with α‐blockers, which may have resulted in a lower risk of AUR after early catheter removal. Additionally, the median age of patients was lower than in the other trials, and most operations were performed for inflammatory bowel disease rather than cancer. These factors may reduce the risk of AUR in both groups, leading to underestimation of the difference between groups and a higher likelihood of a non‐inferiority conclusion[4](#bjs550288-bib-0004){ref-type="ref"}, [27](#bjs550288-bib-0027){ref-type="ref"}. Because of the paucity of data found in the present systematic review, subgroup analyses stratified by age and surgical indication could not be conducted, and thus the influence of surgical indication and age on AUR rates could not be assessed quantitatively.

That early catheter removal after rectal surgery is superior to late removal for avoiding UTI is an important finding. Although previous studies[7](#bjs550288-bib-0007){ref-type="ref"}, [9](#bjs550288-bib-0009){ref-type="ref"}, [28](#bjs550288-bib-0028){ref-type="ref"} have found a positive association between the risk of UTI and duration of catheterization in other surgical contexts, rectal surgery is associated with a particularly high risk of AUR[26](#bjs550288-bib-0026){ref-type="ref"}, which may itself contribute to UTI through recatheterization. An observational study[12](#bjs550288-bib-0012){ref-type="ref"} of 205 patients undergoing rectal surgery did not find an association between UTI and earlier catheter removal. In contrast, the present analysis indicated that, in the setting of an RCT, catheter removal on or before POD 2 decreased the risk of UTI. This review has demonstrated the robustness of this finding through sensitivity analyses that accounted for heterogeneity in trial definitions of UTI and uncertainty about whether the single UTI observed in one trial[23](#bjs550288-bib-0023){ref-type="ref"} occurred in a patient who had rectal surgery.

Strengths of this review include the systematic nature of the search and quantitative synthesis of the existing evidence. Heterogeneity in interventions and outcome definitions was accounted for through several sensitivity analyses. The non‐inferiority approach acknowledges the trade‐off between AUR and beneficial outcomes of reduced UTI risk, increased patient comfort and earlier ambulation. In addition, the analysis used the non‐inferiority margin previously defined by Patel *et al*.[6](#bjs550288-bib-0006){ref-type="ref"}, which was derived by consensus, and a risk‐of‐bias framework specific to non‐inferiority trials was used.

This meta‐analysis does have limitations. All trials were deemed to be at high risk of bias owing to issues with blinding as well as poorly described secondary exposures, such as epidural analgesia, that may have altered the effect of early removal on AUR. Acknowledging the subjective nature of voiding 'urge' and some UTI symptoms, all trials in the primary analysis did include objective criteria to assess AUR and UTI, such as postvoid residual volume and urine culture. Although the presence of measurement bias cannot be excluded completely, objective criteria likely minimized these biases. Limited data meant that interactions between early removal and known risk factors for AUR could not be examined, nor could a meta‐regression be undertaken to explore quantitatively the influence of patient sex and epidural use on outcomes. Future RCTs should report their results in a manner that allows stratification of results by sex, surgical indication and epidural use. Ideally, such RCTs would also be powered to identify differences between these subgroups. Additional RCT data are also needed to determine the optimal α‐blocker regimen in patients who have early catheter removal.
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